We have investigated the critical conditions required for an efficient steady propeller mechanism in the spin-down phases of magnetized neutron stars with optically thick accretion disks. We have shown through simple analytical calculations that: (1) the strength of the dipole field at the Alfvén radius is not sufficient to sustain an efficient mass-outflow even when the magnetic dipole field lines rotate much faster than the escape speed, (2) in the spin-down phase, mass accretion onto the star could persist above a minimum disk mass-flow rate that is orders of magnitude lower than the rate corresponding to the transition between the spin-up and the spin-down states, (3) below this critical mass-flow rate, a steady propeller state could be established with a maximum inner disk radius about 25 times smaller than the Alfvén radius. Our results indicate that only for spherical accretion, the inner disk radius is likely to approach the Alfvén radius, and for all realistic cases, the accretion-propeller transition could take place at a mass-flow rate lower than the rate equating the Alfvén and the co-rotation radii. Our results are consistent with the properties of the transitional millisecond pulsars which show transitions between the accretion powered X-ray pulsar and the rotational powered radio pulsar states, and emit X-ray pulses in the sub-luminous X-ray phases.
INTRODUCTION
Rotational properties of a magnetized neutron star evolving with an accretion disk are governed by the interaction between the disk and the magnetic dipole field. The star could spin-up or spin-down depending on the mass-flow rate,Ṁ d , of the disk, strength of the magnetic dipole field, B, on the surface of the star and the details of the disk-magnetosphere interaction. The inner disk radius, r in , that is estimated by equating the viscous and the field stresses is found to be close to the Alfvén radius, r A (Lamb et al. 1973 , Davidson & Ostriker 1973 . When r A is less than the co-rotation radius, r co , at which the field lines co-rotate with the disk matter, the system is in the spin-up phase, and the mass from the inner-disk can flow onto the star along the field lines. When r A is greater than r co , the star is in the spin-down state, which is also known as the 'propeller' phase (Illarionov & Sunyaev 1975) , since in this regime, it is usually assumed that the inflowing disk matter is expelled from the system by the dipole field lines rotating faster than the local escape speed of the disk matter.
Observations of recently discovered three transitional millisecond pulsars (MSPs) which show transitions between the accretion powered X-ray pulsar and the rotational powered radio pulsar states provide an excellent laboratory to study the physics of the disk-magnetosphere interaction (see e.g. Linares et al. 2014 for a recent review). Most recently, X-ray pulsations from the transitional MSPs XSS J12270−4859 (Papitto et al. 2015) and PSR J1023+0038 (Archibald et al. 2014) were detected during sub-luminous accretion states with X-ray luminosities of a few 10 33 − 10 34 erg s −1 which correspond to disk mass-flow rates ∼ 2 − 5 × 10 13 g s −1 . Most plausible origin of these X-ray pulses seems to be the accretion onto the poles of the star (Papitto et al. 2015 , Archibald et al. 2014 ).
For B = 2 × 10 8 G, r A is inferred to be greater than even the light cylinder radius. This is in sharp contrast to the expected condition, r in ≃ r co , for accretion onto the star. A large fraction of the inflowing disk matter might be thrown out of the system, while the observed X-ray luminosity is powered by the remaining few per cent of the disk mass-flow accreted onto the neutron star. In this case, since r in could come close to r co accretion is possible, but the X-ray luminosity of the disk would be much higher than the observed luminosity.
Is it possible to overcome this difficulty by invoking radiatively inefficient flow which could prevail when the inner disk becomes optically thin (Papitto et al 2015) . This does not seem to be likely, because the disk becomes optically thin only whenṀ d decreases below ∼ 10 11 g s −1 (Done et al. 2007) . The inner disk is expected to be optically thick even witḣ
inferred from the observed X-ray luminosity assuming no outflow.
With about two orders of magnitude higherṀ d needed for r in ≃ r co , the inner disk would have even a higher optical thickness. Then, how can these transitional MSPs accrete matter from the disk when the inferred r A is found to be even greater than r LC ?
In the spin-down phase, if the matter cannot be repelled from the Alfvén radius, the resultant pile up at the inner disk increases the thermal pressure in the disk, and r in propagates inwards, and eventually reaches the co-rotation radius. Resultant onset of accretion could evacuate the inner disk, then r in moves outwards stopping the accretion.
Subsequent refilling of the inner disk resuming the accretion could lead to a cyclic evolution of the inner disk even when the mass transfer from the outer disk is constant. This idea was first proposed by Sunyaev & Shakura (1977) and Spruit & Taam (1993) , and recently developed through a series of papers by D' Angelo & Spruit (2010; 2011; 2012) . In these works, it is assumed that the propeller mechanism is not efficient even for very low disk mass-flow rates. With this assumption, numerical simulations show that, for a large range of initial conditions including those with very low disk mass-flow rates, sources evolve in the long-term into the so-called trapped states, with r in ≃ r co . These states could be persistent or the inner disk could go through cyclic accretion episodes on time-scales between the dynamical and viscous time-scales depending on the average mass-flow rate from the outer to the inner disk (D'Angelo & Spruit 2012).
The accretion and rotational powered states of the transitional MSPs do not seem to be the results of the cyclic processes described by D'Angelo & Spruit (2012) . The properties of these sources imply that there is another mechanism that impedes accretion below a critical disk mass-flow rate. The radio pulses are always observed below a certain X-ray luminosity less than a few 10 32 erg s −1 , while L x > 10 33 erg s −1 when the X-ray pulsations are observed in the sub-luminous X-ray states. The sources remain in one or the other state on time-scales (months) much longer than the dynamical or viscous time-scales of the inner disk. This might indicate that the propeller mechanism is at work below a certain accretion rate. Flat radio spectra observed in the sub-luminous X-ray states could be a sign of the mass outflows (Papitto et al. 2015 , Linares et al. 2014 ). The radio and X-ray pulses have not been observed in the same phase, or at different epochs with the same X-ray luminosity.
This strongly indicates that the radio pulses are switched on when the accretion is impeded, while the X-ray pulses are produced as a result of mass-flow onto the star, which switches off the pulsed radio emission.
In the disk-magnetosphere interaction model employed by D' Angelo & Spruit (2010; 2011; 2012) , the magnetosphere is formed by the closed field lines that extend up to a radius, r m . For r > r m , the field is not sufficiently strong to push the matter into co-rotation, and cannot slip through the disk either, since the magnetic diffusion time-scale, which is and r m + ∆r, while the disk is decoupled from the field beyond the interaction region. This disk-field interaction model with a narrow boundary was proposed by Lovelace, Romanova & Bisnovatyi-Kogan (1995) , and supported by the numerical simulations (Hayashi, Shibata, & Matsumoto 1996 , Goodson, Winglee, & Boehm 1997 , Miller & Stone 1997 . The width ∆r of the interaction region is not well known. Recently, Patruno & D'Angelo (2013) estimated that ∆r ∼ 1 km from the properties of the strong ∼ 1 Hz modulations seen in the accreting MSPs NGS 6440 X-2 and J1808.4−3658. We will examine the propeller effect in the context of this disk-magnetosphere interaction model. We will use the term 'propeller state' to indicate the phase in which the accretion onto the star is not allowed and the disk matter arriving at the disk-magnetosphere boundary is thrown out of the system by the field lines.
In the present work, we investigate the physical conditions required for a steady or long-lasting propeller phase in the spin down phase, i.e., when r A > r co . In Section 2, we show through analytical calculations: (1) a neutron star system in the spin-down phase could be either in an accretion state with r in = r co , or in a propeller phase with r co < r in < r LC , (2) the mass-flow rate of the disk needed for propeller is orders of magnitude less than the rate corresponding to r A = r co , and (3) an efficient steady propeller mechanism could be sustained with a maximum inner disk radius of about 25 times smaller than r A when r in > r co ; in particular, a steady propeller phase with r in = r A cannot be built up. In Section 3, we discuss our results with comparisons to the characteristic properties of the transitional MSPs . We summarize our conclusions in Section 4.
PROPELLER PHASE
2.1. Is a steady propeller phase with r in = r A possible?
In the case of spherical mass-flow onto a neutron star, the matter falls with the free-fall speed, υ ff . The spherical mass-flow rate can be written aṡ
where ρ s (r) is the density of the matter at radial distance r. Magnetic dipole field of the star can stop the mass-flow at the radius where the pressure of the falling matter becomes equal to the magnetic pressure
where B = µ/r 3 , and µ is the magnetic dipole moment of the star. Equation (2) is satisfied at the Alfvén radius (Lamb et al. 1973 , Davidson & Ostriker 1973 where G is the gravitational constant, and M is the mass of the neutron star.
The Alfvén radius for a geometrically thin accretion disk is obtained by equating the viscous and the magnetic torques, and calculations give the same relation as given in Equation (3) within a factor of ∼ 2 (see e.g. Frank et al. 2002) . The azimuthal (φ) component of the magnetic field is generated through interaction with the Keplerian disk and is responsible for the torque acting on the disk. The ratio B φ /B z along the disk-field interaction region cannot be much greater than unity, since otherwise the field lines tend to open up (Aly 1985 , Lovelace et al. 1995 , Hayashi et al. 1996 , Miller & Stone 1997 , Uzdensky et al. 2002 , Uzdensky 2004 . The maximum magnetic torque is, therefore, reached with
In our calculations, we take B z ≃ B φ in the interaction region, independently of r, to estimate the maximum inner disk radius from which a steady mass-outflow could be sustained.
In the steady state, mass-flow rate of the disk at a radial distance r can be written aṡ 
Substituting Equation (5) in Equation (4) we obtaiṅ
Let us compare the total energy densities of the disk matter and the magnetic field at r = r A for the same spherical and disk mass-flow rates,Ṁ d =Ṁ s . Using Equations (1), (2), and (6) with r = r A , υ K ≃ υ ff , and c s,d /υ esc ≃ h/r we find
where h A is the pressure scale height of the unperturbed disk, and B A is the field strength at r = r A . Below, we investigate the implications of Equation (7) for the propeller mechanism in the spin-down phase, that is, when r A is greater than the co-rotation radius,
To estimate the maximum inner disk radius in the propeller phase, we employ the following simplifying assumptions: (1) the inner disk mater is thrown out of the system from a segment of a spherical-like surface, which we call 'escape surface', with radius r = r e and the vertical height h = h e from the disk mid-plane, (2) the matter leaves this escape surface with the minimum required speed, υ esc = υ ff , and (3) h e and the density of the matter on the escape surface, ρ e , depend on the rate of heating of the matter in the boundary layer through interaction with the dipole field. That is, we deal with an optically thick geometrically thin disk, which is thermally stable, unlike an optically thin disk.
The matter on the escape surface with density ρ e should be accelerated by the field lines from the Kepler speed, υ K , to the escape speed, υ esc = √ 2 υ K to leave the system.
When the speed of the matter reaches υ esc , total energy density of the matter becomes
esc . Note that this is much greater than the thermal pressure of the disk matter. Assuming that the matter loses contact with the field lines (also with the escape surface) when its speed increases to υ esc , the magnetic field itself should have an energy density,
B
2 /8π, equal to or greater than ρ e υ 2 esc for a continuous mass-outflow withṀ d =Ṁ out . In Equation (7), we see that
an unperturbed disk. This means that without any heating, the magnetic energy density at r A is about 10 7 times smaller than that required for the propeller effect.
Could it be the case that the disk-field interaction heats up the boundary layer increasing the thermal speeds to above the escape speed at r = r A ? This does not seem to be possible either, because increasing the thermal speeds to υ esc demands almost the same minimum field strength as required for a purely magnetic propeller without heating.
Between these extreme cases, there is a certain partial heating rate of the boundary layer which needs the minimum field strength for the propeller effect. Even in this case, the critical condition for a steady propeller mechanism (see Section 2.2) is not satisfied at r = r A .
Escape radius
We assume a boundary layer with radial thickness ∆r that is sufficiently narrow such that the value of υ esc = √ 2 υ K does not change significantly. This assumption is to simplify the calculations; our results remain valid for a wide boundary as well. The escape surface can be considered as the inner surface of the boundary layer, while at the outer border of the interaction region, the disk has its unperturbed properties. The matter density on the escape surface can be written as ρ e =Ṁ d /(4πr e h e υ r,e ) where h e = c s,e /Ω(r e ), c s,e is the sound speed on the escape surface, and υ r,e ≃ ν(r e )/r e is the radial inward speed of the disk matter arriving at r = r e . We note that our thin disk assumption could fail if h e is not found to be sufficiently smaller than r. We will return back to these assumptions to check the self-consistency of our explanation. 
where υ esc is calculated at r = r e , andṀ d =Ṁ out in the steady state. The heat injection into the boundary layer by the field decreases the unperturbed density of the disk matter, ρ d , across the narrow boundary to ρ e at r = r e . Consequently, the height of the boundary, h e , grows to a level above the extrapolation of the height profile of the thin unperturbed disk, which we will estimate from the propeller condition.
For givenṀ d and r e , from Equation (8), it is seen that ρ e ∝ c at the same radius. The disk matter could be thrown out from this radius when r e > 1.26 r co . The critical condition for the propeller effect at r = r e can be written as
The values of ρ d and c s,d in Equation (9) represents the mass density and the sound speed in the undisturbed disk, B e is the field strength at r = r e . Using ρ d = η 3 ρ e , Equation (9) gives
2 . This means that the field density at the escape radius r e should be at least 40 times greater than the thermal pressure of the unperturbed disk for a persistent mass-outflow. Actually, the matter could escape the system with mean speeds much greater than υ esc , but this requires dipole fields stronger than the field obtained from Equation (9) that would be reached at a radius smaller than r e . Here, we assume that most of the energy gained by the matter through acceleration by the field lines is converted into thermal energy in the boundary until the mass density decreases to ρ e . At this point, the propeller condition given by Equation (9) is attained, and the matter could now be accelerated to υ esc , lose contact with the field lines, and escape the system. This assumption gives the minimum field strength needed for propeller which in turn puts an upper limit to the escape radius r e . At the Alfvén radius, we can rewrite Equation (7) as
which shows that, at r = r A , the thermal pressure in the unperturbed disk is (υ esc /α c s,d ) ≈ 10 3 times greater than the magnetic pressure, that is, the propeller condition given by Equation (9) cannot be satisfied at r = r A . It is important to note here that at radii where the field is not strong enough to satisfy Equation (9), the field lines cannot force the matter to co-rotation or to escape either, and are expected to inflate and open up (see Section 1). This allows the inner disk to extend to radii smaller than r A until a steady propeller state is built up with an inner disk radius r in = r e when r e > 1.26 r co .
Since B 2 increases faster than ρ e c 2 s,d with decreasing r, the critical condition for propeller could be obtained at a radius r e when r co < r e < r A . Using B 2 ∝ r 
From r A to the escape radius r e , this ratio of the energy densities increases from the value given in Equation (10) 
Taking the weak radial dependence of c s,d /υ esc ≃ h/r ∝ r 1/8 into account, we obtain
For a thin disk, with typical values of α ≈ 0.1 and υ esc /c s,d ≈ 100, Equation (13) gives r e ≈ 4 × 10 −2 r A . This result indicates that a persistent mass-outflow withṀ out =Ṁ d could be established with an inner disk radius, r in = r e , which is at least ≃ 25 times smaller than the Alfvén radius provided that r e > 1.26 r co . In the spin-down phase, we expect that the star accretes matter from the disk with r in = r co only when r co > r e . A steady propeller is not possible when r co < r e < 1.26 r co , since in this region speeds of the field lines are less than the escape speed. Nevertheless, the field density at r = r e is strong enough to enforce the disk matter to co-rotation, and thus to accretion, or partial accretion while part of the matter could be ejected from the inner disk to larger radii.
From h e ≃ η h, we estimate the pressure scale-height of the boundary region h e ≃ 6 × 10 −2 r e in the propeller phase. This confirms that our calculations remain consistent with our initial thin-disk assumption in obtaining the boundary layer conditions.
Increasing height of the boundary region by means of magnetic heating also provides an inner-disk geometry convenient for mass-outflow. Furthermore, the matter crossing the boundary acquires a velocity component perpendicular to the disk-mid-plane, which is also needed to escape the system without a significant flow back into the inner or outer disk regions. Note that response time-scale of the disk to heating in the boundary, h e /c s,e ∼ Ω −1 K is comparable to the dynamical time-scale which is orders of magnitude shorter than the viscous time-scale, ∼ ∆r/υ r ≃ (∆r/αh e ) r/c s,e , even for a very narrow boundary layer with ∆r ∼ a few h e .
RESULTS AND DISCUSSION
For a standard disk around a magnetized neutron star, we have investigated the conditions required for an efficient propeller mechanism, and estimated the maximum inner disk radius, r e , in the propeller phase. We have found that the propeller state could be established with an inner disk radius much smaller than the Alfvén radius (r e ≃ r A /25).
For this picture to be self-consistent, the disk should extend to r e with the standard inner disk properties. This requirement is not satisfied for a magnetically threaded disk, since in this case r in is initially stopped at r A . The disk could then be pushed inwards following a continuous mass pile-up at the inner disk. If the mass-loss by the propeller effect is ignored, r in eventually reaches the co-rotation radius, and thereby a steady accretion phase could be built up with r in ≃ r co without any constraint on the mass accretion rate (Rappaport et al 2004) . For lowṀ d values, the densities given by Rappaport et al (2004) could be orders of magnitude greater than those in standard disks. Our results for the propeller effect could be inserted in the numerical calculations of this model, and are likely to change the disk evolution depending on the initial conditions. In the present work, we do not discuss the propeller condition in the frame of this magnetically threaded disk model.
We adopt the properties of the disk-field interaction model with a narrow boundary proposed by Lovalace et al. (1995) , and employed by D'Angelo & Spruit (2010; 2011; 2012) to estimate the inner disk radius in the propeller phase. In this model, the field lines are
expected to be open if the magnetic field pressure is not sufficient to force the disk matter at r = r A , the field lines are not able to significantly modify the orbital speed of the disk matter, even when the field lines rotate much faster than the local escape speed. We have found that the maximum radius, r e , at which the dipole field can throw the matter out with the escape speed is about 25 times smaller than r A . In the spin down phase, when r A > r co , the magnetic field and the viscous stresses can be in balance with r in ≃ r A . Nevertheless, at this radius, as we explained in Section 2., the field strength is not sufficient for propeller, and therefore the field lines are not likely to remain closed. This opens the way for the inner disk to extend inwards and to reach either the escape radius r e (when r e > r co ), or the co-rotation radius (when r e < r co ) with the properties of a standard disk. A steady propeller mechanism could run in the former case, while accretion onto the star is allowed in the latter case.
We can test our results with the properties of the recently discovered transitional MSPs which show transitions between the accretion powered X-ray pulsar and the rotational powered radio pulsar states. Two of these sources, namely PSR J1023+0038 (Archibald et al. 2014 ) and XSS J12270−4859 (Papitto et al. 2015) , were recently observed to show X-ray pulsations in the sub-luminous X-ray states with L x ≈ a few 10 33 − 10 34 erg s −1 . Properties of these X-ray pulsations strongly indicate that they are powered by mass-flow onto the neutron star. Remarkably similar observed spin periods of these sources (1.69 ms) give light-cylinder radii smaller than their Alfvén radii inferred from the observed luminosities with field strength B = 2 × 10 8 G on the pole of the star (Linares 2014) . These transitional MSPs are observed in the radio pulsar phases when L x ∼ a few 10 32 erg s −1 . It seems that the radio pulsar phase is switched on at a disk mass-flow rate lower than ∼ 10 13 g s
For the spin-down phase, we have estimated in Section 2 that r in = max{r co , r e } with r e ≃ 4 × 10 −2 r A . For the spin period P = 1.69 ms, B = 3 × 10 8 G andṀ d = 5 × 10 13 g s −1 , we find r co ≃ 0.1 r A > r e , which gives r in = r co ≃ 2.4 × 10 6 cm, that is, the sources with these mass-flow rates are in the accretion phase in our model. This is consistent with the observed X-ray pulses in the sub-luminous X-ray phases of the transitional MSPs. In the radio pulsar phases of these sources, since the accretion onto the star should be impeded, the X-ray luminosity is expected to be the emission from the inner disk. Considering the contributions of the interaction between the pulsar wind and the inner disk, and the magnetic heating in the disk-field interaction region to the total luminosity, we could take the observed X-ray luminosity in the radio pulsar phase (a few ×10 32 erg s −1 ) as an upper limit to the standard disk luminosity, L D = GMṀ d /2 r in . In our model, the propeller phase starts when r e ≃ 1.26 r co which corresponds to r A ≃ 30 r co . Note that the system is likely to be in the accretion or partial accretion phase when r co < r e < 1.26 r co , since the field lines in the boundary layer have speeds less than the escape speed. We obtain r A /r co ≃ 32, and r in = r e ≃ 1.3 r co ≃ 3 × 10 6 cm with B = 3 × 10 8 G, andṀ d = 2 × 10 12 g s −1 which is close to criticalṀ d corresponding to the transition between the propeller and accretion phases. With these illustrative parameters, at the time when the system enters the propeller state we find r in = r e ≃ 0.3 r LC . In the propeller phase, the closed field lines extend up to r in ≃ r e , and the matter could be efficiently expelled from the narrow interaction region out of the magnetosphere. These conditions seem to be consistent with the pulsed radio emission. This might indicate that the radio pulsar phase could begin immediately after the onset of the propeller mechanism when r in is close to, but still inside the light cylinder.
In the accretion phase, whenṀ d is close to the level for transition to the propeller phase, most likely when r co < r e < 1.26 r co , repetitive switches between the accretion and the propeller phases on dynamical and viscous time-scales of the innermost disk could be possible. These transitions might be responsible for the observed rapid recurrent changes between two different X-ray modes of the transitional MSPs with luminosity ratios of ∼ 5 − 7 (see Linares 2014 for a review).
Finally, the inner disk could become optically thin ifṀ d decreases to very low levels below ∼ 10 11 g s −1 (Done 2007) in the radio pulsar phase. Due to resultant thermal instabilities, temperature and the pressure scale hight of the disk increases considerably, and the inner disk-flow mimics spherical accretion with h ∼ r. This decreases the mass and energy density of the matter arriving at r e , which also decreases the minimum field strength required for propeller. Consequently the inner disk r e could be pushed back to radii close to the Alfvén radius for spherical accretion. Details of the inner disk mass-flow in the optically thin disk regime are not well known and beyond the scope of the present work.
We note that the spin-down torque acting on the star due to interaction with the disk is found by integrating the magnetic torques across the interaction region of the disk and the dipole field. For a given inner disk radius, this torque is found to be similar for narrow and wide boundary layers because of sharp radial dependence of magnetic pressure (B 2 ∝ 1/r 6 ).
CONCLUSIONS
We have investigated the conditions at the inner disks of magnetized neutron stars in the spin-down phase. We have found that the field strength at the Alfvén radius, r A , is not sufficient to expel the inner disk matter with speeds greater than the escape speed.
This indicates that r A is not likely to be the inner disk radius in a steady spin-down phase.
More importantly, we have shown that a steady propeller phase could be established with a maximum inner disk radius, r e , which is about 25 times smaller than the Alfvén radius, r A provided that r e > r co . In this phase, the actual inner disk radius r in is likely to be close to r e . In the spin-down phase (r A > r co ) when r e < r co , a steady accretion state could prevail with r in = r co . The inner disk radius in the spin-down state could then be written as r in = max{r co , r e }.
We have shown in Section 3 that our results are in good agreement with the radio and X-ray pulsar properties of the two transitional MSPs. For the sub-luminous X-ray states when these sources show X-ray pulses, we find r in = r co indicating that the sources are in the accretion phase. Note that, in this phase, the inferred r A remains outside the light cylinder for these sources. In our model, the critical accretion rate corresponding to the accretion-propeller transition is orders of magnitude lower than the rate inferred from the r A = r co condition, which is also consistent with the observations.
We have proposed that the switches between different X-ray modes with L x ratios ∼ 5 − 7 could be due to the accretion-propeller transitions, likely to happen when r co < r e < 1.26 r co . In this regime, the speed of the field lines are below the escape speed at r = r e , while the field density is strong enough to force the disk matter to co-rotation and thus accretion onto the star. Along with the accretion onto the star, a partial mass-outflow, and switches between these states on viscous or dynamical time-scales could take place in this phase depending on the details of the disk-field interaction.
We have obtained our results for magnetized stars with optically thick accretion disks.
On the other hand, these results also indicate that the inner disk radius in the propeller phase depends on the accretion geometry. To illustrate, for a neutron star in the propeller phase with given dipole field and the mass-inflow rate, geometrically thin disk geometry gives the smallest inner radius, r in ≃ r e ≃ 4 × 10 −2 r A , while for a perfect spherical mass-flow r in ≃ r A . For other mass-flow geometries between these cases, we expect that r e < r in < r A .
This seems to be consistent with observed properties of transient high-mass X-ray binary systems. Some of these systems, like 1A 0535+262, showed strong evidence of accretion in the quiescent states when they are expected to be in the propeller phase with r A > r co (Campana et al. 2001 , Orlandini et al. 2004 , Rutledge et al. 2007 , Rothschild et al. 2013 , Doroshenko et al. 2014 ). These sources have much stronger magnetic dipole fields and longer periods in comparison with MSPs. Nevertheless, the critical physical conditions for the accretion-propeller transition is expected to be the same for different systems. Further observations of these systems and the transitional MSPs will provide detailed information to test disk-magnetosphere interaction models with the properties of different neutron star populations.
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